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$EVWUDFW
Ear biometric research can be traced back as early as 1949. Off late, more work of ear biometrics has been done mainly 
focusing within constrained environment. Illumination invariant problem in unconstrained environment remains less explored for 
ear biometric. In this paper, we propose an illumination-invariant ear authentication approach using biometric authentication 
methods. Ear regions are firstly segmented from side face images using biased normalized cuts and morphological operations. 
Shape features are then extracted using Log-Gabor filters where the Hamming distance is finally applied for authentication. A 














DSSURDFK RQ WKH RWKHU KDQG HPSOR\V DFWLYH LPDJLQJ WHFKQLTXHV WKDW FDSWXUH HDU LPDJHV RI LOOXPLQDWLRQ LQYDULDQW
PRGDOLWLHV 3UDFWLFDOO\ WKH SDVVLYH DSSURDFK LV SUHIHUUHG VLQFH HDU LPDJHV FDQ EH FDSWXUHG XVLQJ VWDQGDUG
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WKH IRUPHU UHVHDUFKHUV XVHG ORJ*DERU DQG HYHQ*DERU ILOWHUV WR JHQHUDWH ELQDU\ HDU FRGH WHPSODWHV DQG IHDWXUH
PDSV)RUZRUNVWKDWSD\OHVVDWWHQWLRQWRWKHH[DFWIHDWXUHW\SH3ULQFLSDO&RPSRQHQWV$QDO\VLV3&$LVXVHG)RU
LQVWDQFHDQGDGRSWHGWKHFRQFHSWRIHLJHQHDUVGHULYHGIURP3&$:KLOHFODLPVWKDWDOORIWKHDIRUHPHQWLRQHG
IHDWXUHVSHUIRUPUHOLDEO\ IRUHDUELRPHWULFV*DERUOLNHILOWHUVKDYHEHHQPRUHSRSXODUGXH WR WKHDELOLW\ WRVHOHFW





DVGLIIHUHQW DQJOHVRI LPDJHDFTXLVLWLRQDUHSUREOHPV WKDW FDQKDYHDGYHUVHHIIHFWVRQ VHJPHQWDWLRQ9DULDWLRQ LQ
OLJKWVRXUFHVLVDOVRDGLOHPPDIRUHDUVHJPHQWDWLRQ0DQ\H[LVWLQJHDULPDJHGDWDEDVHVXVHGIRUDXWKHQWLFDWLRQDUH
SRSXODWHG ZLWK LPDJHV WDNHQ XQGHU FRQWUROOHG OLJKWLQJ FRQGLWLRQV VLQFH XQFRQWULYHG LPDJHV FDQ SRVH XQZDQWHG
















2.1. Ear Image Acquisition and Pre-Processing 
$&DQRQ3RZHU6KRW$GLJLWDOFDPHUDZDVXVHGWRFDSWXUHWKHHDULPDJHV,QGRRUDQGRXWGRRULPDJHVZHUH
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EHWZHHQ WR \HDUV ROG YROXQWHHUHG IRU WKH SKRWRJUDSKVZKHUH IRXU LPDJHV RI HDFKYROXQWHHU IURPGLIIHUHQW
DQJOHVZHUHWDNHQ$WRWDORILPDJHVZHUHILQDOO\DFTXLUHG)LJVKRZVVDPSOHVRIWKHHDULPDJHV
7KHSUHSURFHVVLQJVWDJHLQYROYHGDXWRPDWLFDOO\UHVL]LQJWKHFDSWXUHGHDULPDJHWR[DQGFRQYHUWLQJLW










HDU LPDJHV x DUH VWRUHG IRU IHDWXUH HQFRGLQJZKHUHDV LPDJHV DUH XVHG IRU WHVWLQJ GXULQJ DXWKHQWLFDWLRQ
'HWDLOVRIIHDWXUHH[WUDFWLRQDQGDXWKHQWLFDWLRQDUHIXUWKHUGLVFXVVHGLQVHFWLRQVDQGUHVSHFWLYHO\
2.2. Ear Segmentation 
7KHHDUVHJPHQWDWLRQVWDJHLVFUXFLDOVLQFHVXFFHVVIXODXWKHQWLFDWLRQGHSHQGVRQDFFXUDWHVHJPHQWDWLRQ0RVWRI
WKH RFFOXVLRQV DQG RWKHU XQQHFHVVDU\ LQIRUPDWLRQ QHHG WR EH HOLPLQDWHG WR UHWDLQ RQO\ WKH HDU UHJLRQ Biased 












ZKHUH LV WKH WRWDO ZHLJKW RI WKH JUDSK¶V HGJHV 7KH QRUPDOL]HG FXWV PHDVXUH LV XVHG WR PHDVXUH WKH
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Morphological operations7KHILQDOVWDJHVRIHDUVHJPHQWDWLRQLQYROYHWKUHHW\SHVRIPRUSKRORJLFDORSHUDWLRQV
QDPHO\ VNHOHWRQL]DWLRQ ILOOLQJ DQG RSHQLQJ 7KHVH RSHUDWLRQV SUHVHUYH WKH LQWULFDWH GHWDLOV RI WKH HDU ERXQGDULHV









x 6NHOHWRQL]DWLRQ ,Q )LJ  WKH HDU LPDJH HGJHV DUH WKLFN DQG LQWULFDWH GHWDLOV RI WKH HDU LQIRUPDWLRQ DUH QRW
REYLRXV6NHOHWRQL]DWLRQFDQUHPRYHSL[HOVRQWKHERXQGDULHVRIREMHFWVZKLOHUHWDLQLQJLPSRUWDQWLQIRUPDWLRQRI
WKHHDUVKDSHZKLFKLVODWHUVWRUHGDVHDUFRGH








ܼሺݔǡ ݕሻ ൌ ൜
ܫሺݔǡ ݕሻǡ ݂݅ܴሺݔǡ ݕሻ ൌ ͳ








2.3. Feature Extraction 
2QO\ WKHPRVW VLJQLILFDQW IHDWXUHV DUH FRQVLGHUHG IRU WKH HDU FRGHV WHPSODWHV 7KH JHQHUDWHG WHPSODWH GXULQJ
IHDWXUHHQFRGLQJUHTXLUHVDFRUUHVSRQGLQJVLPLODULW\PHDVXUHPHQWEHWZHHQWKHWHPSODWHDQGWKHTXHU\LPDJH7KLV
PHWULFVKRXOGJLYHDUDQJHRIYDOXHVZKHQFRPSDULQJWHPSODWHVIURPWKHVDPHHDULHLQWUDFODVVFRPSDULVRQ
Feature encoding )HDWXUH HQFRGLQJ FRQYROYHV WKH QRUPDOL]HG HDU SDWWHUQZLWK ' /RJ*DERUZDYHOHWV 7KH
WZRGLPHQVLRQDOQRUPDOL]HGSDWWHUQ LVEURNHQXS LQWRDQXPEHURI'VLJQDOVDQGDUHFRQYROYHGZLWK'*DERU
ZDYHOHWV 7KH URZV RI WKH ' QRUPDOL]HG SDWWHUQ DUH WDNHQ DV WKH ' VLJQDO ZKHUH WKH YDOXH LQ HDFK URZ
FRUUHVSRQGV WR LQWHQVLW\ RQ WKH HDU UHJLRQ 7KH DQJXODU GLUHFWLRQ LV WDNHQ UDWKHU WKDQ WKH UDGLDO GLUHFWLRQ ZKLFK
FRUUHVSRQGVWRFROXPQVRIWKHQRUPDOL]HGSDWWHUQ7KHIUHTXHQF\UHVSRQVHRI/RJ*DERUILOWHULVJLYHQDV















DOVRPDUNHG LQ WKH QRLVHPDVN7KH WRWDO QXPEHURI ELWV LQ WKH WHPSODWHZLOO EH WKH DQJXODU UHVROXWLRQ WLPHV WKH














  (8) 













7KH VHJPHQWDWLRQ DQG DXWKHQWLFDWLRQ UHVXOWV DUH SUHVHQWHG VHSDUDWHO\ LQ WKLV VHFWLRQ6HFWLRQ GLVFXVVHV WKH
UHVXOWVRILPDJHVHJPHQWDWLRQH[SHULPHQWDQGHDUDXWKHQWLFDWLRQUHVXOWVDUHSUHVHQWHGLQVHFWLRQ
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3.1. Image Segmentation Experiment 
,PDJHVHJPHQWDWLRQZDVHYDOXDWHGRQDGDWDVHWRIHDU LPDJHVWDNHQXQGHUYDULRXVOLJKWLQJFRQGLWLRQV)RU
EHVW VHJPHQWDWLRQ UHVXOWV %1&V ZLWK GLIIHUHQW QXPEHU RI FXWV LH     DQG  ZHUH FRQVLGHUHG
6HJPHQWDWLRQ DFFXUDF\ LV VXEMHFWLYHO\ HVWDEOLVKHG E\ KXPDQ YLVXDO LQVSHFWLRQ EDVHG RQ WKH IROORZLQJ REMHFWLYH
FULWHULD














&XWV $FFHSWHG 5HMHFWHG 6HJPHQWDWLRQUDWH
   
   
   
   
   
3.2. Ear Authentication 
,QWUDFODVV FRPSDULVRQVZHUHGRQH IRU HDU DXWKHQWLFDWLRQXVLQJVXEMHFWV)RU HDFKSHUVRQRQH HDU LPDJH LV
XVHGDVDWHVWLPDJHDJDLQVWKLVKHUWKUHHEHQFKPDUNHGHDULPDJHV7KH+'LVFDOFXODWHGEHWZHHQWKHWHVWDQGWKH
WKUHH EHQFKPDUNHG HDUFRGHV 7DEOH  VKRZV WKH UHVXOWV RI HDU DXWKHQWLFDWLRQ IRU WKH VXEMHFWV 7KH YDOXH µ¶
LQGLFDWHVDPDWFKHGSDLUZKHUHDVµ¶GHQRWHVDQXQPDWFKHGSDLU
7DEOH5HVXOWVRIHDUDXWKHQWLFDWLRQ±PDWFKXQPDWFK
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'LVFXVVLRQ
7DEOH  GHPRQVWUDWHG WKDW  RXW RI  LPDJHV DFKLHYHG  DXWKHQWLFDWLRQ UDWH IROORZHG E\ 
DXWKHQWLFDWLRQ UDWH IRU  LPDJHV DQG  IRU  LPDJHV $Q DYHUDJH DXWKHQWLFDWLRQ UDWH RI  LV DFKLHYHG
DOWKRXJKWKHHDULPDJHVZHUHFDSWXUHGLQYDULRXVLOOXPLQDWLRQFRQGLWLRQVZKLFKLVTXLWHSURPLVLQJ7KHPDLQFDXVH
RI DXWKHQWLFDWLRQ IDLOXUH IRU VHYHUDO FDVHV LV GXH WR RYHUVHJPHQWDWLRQ 6RPH VDPSOHV DUH JLYHQ LQ )LJXUH 
$OWKRXJKWKH/RJ*DERUILOWHUVDUHFRQVLGHUDEO\UREXVWLQHDUFRGHVJHQHUDWLRQWKH%1&EDVHGVHJPHQWDWLRQVHHPV
WRQHHGIXUWKHUHQKDQFHPHQW1RQXQLIRUPLOOXPLQDWLRQGXULQJLPDJHDFTXLVLWLRQVWLOOUHPDLQVDFRORVVDOFKDOOHQJH






:H KDYH SURSRVHG DQ DXWRPDWHG ELRPHWULF DXWKHQWLFDWLRQ PHWKRG 8QOLNH SUHYLRXV ELRPHWULF DXWKHQWLFDWLRQ
ZRUNV WKDWHPSOR\HDU LPDJHVFDSWXUHGXQGHUFRQWUROOHGHQYLURQPHQWV WKHSURSRVHGPHWKRGPDQDJHG WRDFKLHYH




'XH DFNQRZOHGJHPHQW LV DFFRUGHG WR WKH0LQLVWU\ RI (GXFDWLRQ0DOD\VLD IRU WKH IXQGLQJ UHFHLYHG
WKURXJKWKH)XQGDPHQWDO5HVHDUFK*UDQW6FKHPHQR)5*6,&78,70
5HIHUHQFHV
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